Para-probiotics are ghost probiotics and consist of non-viable microbial cells. Here, a genus of acetic acid bacteria (AAB) was lyophilized to produce a para-probiotic preparation of non-viable (NV) AAB. The NV-AAB orally administered for 49 days ameliorated antigen-induced sneezing and plasma antigen-specific IgE in an ovalbumin-sensitized allergic mouse model. Our findings indicated that NV-AAB, as a para-probiotic functional food, exhibits an anti-allergic effect. The anti-allergic mechanism of NV-AAB was atypical because of the near-absence of an effect on Th1 and Th2 balance in splenocytes. NV-AAB will be a unique para-probiotic food material with an anti-allergic activity.
Introduction
Probiotics are live microbial cells that have a wide range of biological effects mediated through immune regulation and the balance of pro-inflammatory and anti-inflammatory cytokines [1] . Probiotic preparations contain dead cells, but their metabolites can produce a biological response that is often similar to that produced by live cells [2] [3] [4] . This is the crux of the probiotic paradox, where both live and dead cells seem capable of generating a biological response [5] [6] [7] . Para-probiotics are heat-inactivated/killed ghost probiotics that consist of non-viable (NV) microbial cells and/or crude cell extracts with complex cellular components and metabolites. When administered orally or topically in adequate amounts, para-probiotics confer a benefit on the animal or human [8] [9] . Para-probiotics modulate anti-inflammatory and beneficial immune responses as effectively as live probiotics [10] [11] [12] . Advantages of para-probiotics compared to probiotics include enhanced safety and longer shelf life.
To prepare para-probiotics, probiotics are inactivated using heat, chemicals (formalin), gamma or ultraviolet rays, sonication, and dehydration by lyophilization [13] . Among these approaches, lyophilization is a simple and effective method to preserve the biological effects in contrast to denaturation that occurs with the application of heat, chemicals, or ultraviolet light to inactivate proteins and/or related components.
Acetic acid bacteria (AAB) are gram-negative bacteria that are widely used to produce acetic acid by the oxidization of ethanol and foods, including nata de coco, tea fungus (Kombucha), and yogurt. These foods reportedly exhibit biological responses that include anti-inflammatory and anti-allergic effects [14] [15]. However, these effects have been demonstrated using the finished food products. The quantity of AAB in these foods is minute and it is unclear whether the live or dead bacteria are responsible for these beneficial effects.
In this study, we use a lyophilized AAB product (NV-AAB) as the para-probiotic material to examine its immunomodulating effect. Anti-allergic activity of NV-AAB was evident using an ovalbumin (OVA)-sensitized mouse model. To our knowledge, an anti-allergic effect of NV-AAB has not been described. One prior publication reported the use of AAB lipopolysaccharide [16] .
Materials and Methods

Mice
Four to five female BALB/c mice (7-week-old; 16.4 -20.2 g B.W., Japan SLC, Inc., Hamamatsu, Japan) per cage were housed under specific pathogen-free conditions (controlled temperature between 18˚C and 28˚C, and humidity between 30% and 80%). They had ad libitum access to standard laboratory food (FR-2; Funabashi Farm, Inc., Funabashi, Japan). Mice were divided into four groups (A1 to A4, n = 10 per group) as follows: non-sensitized (A1), sensitized without NV-AAB (A2), sensitized with low dose (100 mg/kg orally for 49 days) of NV-AAB (A3), and sensitized with high dose (500 mg/kg orally for 49 days) of NV-AAB (A4). All animal examinations were conducted according to the Institutional Animal Care and Committee Guide of Intelligence and Technology Lab.
OVA Sensitization of Mice
Two sensitization protocols were used. First, after 15 days of NV-AAB administration, mice were sensitized three times in the subsequent 14 days by weekly subcutaneous injection with 200 μL/head of an OVA emulsion in Alum adjuvant. The emulsion (100 μg/mL) was prepared just prior to use by stirring OVA (A5503, Sigma-Aldrich, St. Louis, MO, USA) in phosphate buffered saline (PBS) followed by the dropwise addition of aluminum hydroxide (Imject The injections were performed at the lateral tail base of each mouse after they were anesthetized with ketamine hydrochloride and medetomidine hydrochloride. Second, after administration of NV-AAB for 30 days, mice were sensitized seven times in 18 days by intranasal exposure to OVA alone. Prior to the intranasal sensitization, nasal cavities were pre-treated with 1.5% N-acetyl-L-cysteine for 5 min to perturbate the mucus. After washing with PBS, OVA (2 mg/mL in PBS, 10 μL for each nasal cavity) was injected in each nostril using a pipet. The non-sensitized control mice were treated as described above, but received PBS instead of OVA.
Evaluation of Nasal Symptoms
Nasal symptoms were evaluated as the number of sneezes provoked by allergen. The mice were individually placed in observation cages and their behavior was monitored by a video camera. Both nasal cavities were challenged with OVA as detailed above. The number of sneezes during 5 min after intranasal challenge was counted by at least three investigators for each observation session. The average number of sneezes in a session was calculated. In cases where the coefficient variation exceeded 10%, the behavior of the mouse was re-examined by another viewing of the recorded video.
Preparation of NV-AAB
AAB (Gluconacetobacter genus) was obtained from Kewpie Corporation, Tokyo, Japan. The bacteria were cultured at 30˚C with a medium containing sugar, yeast extract, and ethanol. To obtain the AAB concentrate, the culture was centrifuged at 10,000 rpm for 4 min at 5˚C. The bacteria were washed twice by the addition of a 10-fold amount (w/w) of a citrate buffer solution (pH 4), followed by sufficient stirring and centrifugation as described above. The final bacterial concentrate was lyophilized to yield a powder comprising NV-AAB for use as the para-probiotic.
Preparation of Anti-OVA IgE Standard for ELISA
In preliminary studies, BALB/c female mice were sensitized by OVA as mentioned above to obtain OVA antisera for standard stock. Small aliquots of the stock were stored at −70˚C until use. The standard stock was serially diluted two-fold from 1:100 to 1:6400 to obtain preparations with an optical density at 450 nm from 0.1 to 1.8 measured using the enzyme-linked immunosorbent assay (ELISA) to obtain a standard curve. Arbitrary units were assigned to the standard for stable titration, with the least dilute standard (1:100) as 100 and the most dilute standard (1:6400) as 1.563. The correlation between the dilution and the unit was always >0.9.
ELISA for Antigen-Specific IgE
A blood sample was collected from each mouse and centrifuged at 1000 ×g for and -95% air. After 24 h, the culture was centrifuged and the supernatant was collected to assay for the cytokines, interferon-gamma (IFN-γ, Th1marker), interleukin (IL)-4(Th2 marker), and IL-17 (Th17 marker), using separate ELISA kits (Thermo Fisher Scientific) as described by the manufacturer.
Assay of Splenocytic Cytokines
Statistics
Data were expressed as mean ± standard error (SE). Comparisons were made using a Dunnett's test if the variance was equal and steel test if the variance was unequal.
All the experiments were performed at the author's institute in the period from March 23, 2018 to May 16, 2018.
Results
Production of IL-4 was markedly increased and production of IFN-γ was decreased in splenocytes from mice sensitized with OVA for 49 days (Figure 3(b) and Figure 3(a) ), indicating that the Th1-Th2 balance in the sensitized mice reached a Th2 dominant state. 
Effect on Sneezing
Oral administration of NV-AAB significantly reduced the number of sneezes in OVA-sensitized mice (p < 0.01, Figure 1 ). This effect appeared to be dose dependent, with the reduction in sneezing being more pronounced with the 500 mg/kg dose than the 100 mg/kg dose.
Effect on OVA-Specific IgE
NV-AAB administration also clearly lowered the plasma antibody level of OVA-specific IgE in OVA-sensitized mice in a dose dependent manner ( Figure   2 ). . Plasma level of OVA-specific IgE. OVA-specific IgE was assayed by the highly sensitive ELISA described in material and methods using a biotinyltyramide amplification system and the standard for expressing arbitrary unit of OVA-specific IgE. Open bar: intact, non-OVA-sentized mice; Black filled bar: OVA-sentized mice without NV-AAB; Red hatched bar: OVA-sentized mice administrated with NV-AAB at the concentration of 100 mg/kg AV-AAB and Red filled bar: at the concentration of 500 mg/kg AV-AAB.
Effect on Splenocytic Production of Cytokines
NV-AAB could have a coregulatory effect on the Th1, Th2, and Th17 effector T-cells in the sensitized splenocytes.
Discussion
Type I allergy is a complex immune-inflammatory disorder that participates in antigen-mediated activation and/or regulation of helper T-cells, effector T-cells (Th1, Th2, and Th17) and regulatory T-cells (Treg). These T-cell events activate B-cells, which produce antigen specific IgE [17] . Antigen-elicited activation of mast cells occurs, followed by the release of several inflammatory factors that cause localized inflammatory symptoms, such as sneezing.
In Japan, pollen allergy has increased in the past few decades and the demand has grown for anti-allergic functional foods and/or related materials, including probiotics. However, probiotics are viable cell preparations. Viability of the cells during the production process can be challenging. By contrast, para-probiotics are non-living cell preparations that can also contain cellular components like lipopolysaccharide. The immune modulating effects of para-probiotics have been described [18] [19] [20] . However, there is little information concerning the anti-allergic action of para-probiotics.
The present study documents the anti-allergic effect of NV-AAB used as a para-probiotic. NV-AAB alleviated antigen-induced sneezing and plasma level of antigen specific IgE in OVA-sensitized mice. The reduced plasma level of [25]. Interestingly, in OVA-sensitized mice heat-killed bacteria can induce Treg cells to prevent antigen specific IgE production [26] . Although in this study data concerning the IL-10 Treg cytokine in splenocytes are limited, it is plausible that some common machinery regulates the three effector T-cells, because the same ratio of IFN-γ/IL-4 and Th17 was observed in splenocytes. Thus, Treg cells probably participate in the coregulation of Th1, Th2, and Th17 effector T-cells producing IFN-γ, IL-4, and IL-17, respectively, and in antigen specific IgE production. In further studies, the Treg-associated mechanism of the anti-allergic effect produced by consumption of NV-AAB as a functional food will be determined.
Conclusion
Oral administration of NV-AAB resulted in anti-allergic activity manifest as the prevention of antigen-induced sneezing and production of plasma antigen specific IgE in OVA-sensitized mice. The results implicate that NV-AAB is an attractive para-probiotic functional food with an anti-allergic effect. This anti-allergic action appears to be unique because of the marginal influence of cytokine production by Th1, Th2, and Th17 effector T-cells in OVA-stimulated splenocytes from the mice administered NV-AAB.
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